Let G be a graph. A clique of a graph G is a nonempty subset S of V (G) such that S induces a complete graph. A family of cliques of G is a clique cover of G if for every u ∈ V (G) there exists S ∈ such that u ∈ S. The clique covering number of G, denoted by cc(G), is given by
Introduction
Covering theory in graphs has been studied by a number of graph theorists. Various types of covering a graph such as vertex covering, edge covering, clique covering, tree covering, forest covering, and path triple covering has been defined.
In this study, the author focused mainly on the clique covering of a graph. Clique covering was first investigated by Pullman [6] . He presented linear algorithms for computing the minimum number of complete subgraphs needed to cover or partition the edges of any simple graph G with maximal degree less than 5.
Artes [1] used the concepts of edge cover and edge covering number of graphs. He obtained the following theorem involving the edge covering number e c (G) and the clique covering number cc(G) of a graph G: For any graph G without isolated vertices, cc(G) ≤ e c (G) and if G contains no complete subgraph of order at least 3, then e c (G) = cc(G).
Let G be a graph. A clique of a graph G is a nonempty subset S of V (G) such that S induces a complete graph. A family of cliques of G is a clique cover of G if for every u ∈ V (G) there exists S ∈ such that u ∈ S. The clique covering number of G, denoted by cc(G), is given by
is a clique cover G}.
Let G be graph without isolated vertices. An edge in G is said to cover the vertices with which it is incident. A subset U of E(G) is an edge cover of G if for each vertex v ∈ V (G) there is an edge in U which covers v. The edge covering number of G is given by e c (G) = min{|U | : U is an edge cover of G}.
Preliminary Results
This section presents some basic results and observations which will be useful in establishing the clique covering number of some graphs.
Theorem 2.1 The following hold:
(a) For any graph G, the family = {{u} : u ∈ V (G)} is a clique cover of G.
(b) For any graph G without isolated vertices, the family = {{u, v} : uv ∈ E(G)} is a clique cover of G.
Proof : This result follows from Theorem 2.1(c) and Theorem 2.1(a).
Theorem 2.3 Let G be a connected graph of order
The following result follows from Theorem 2.3.
Corollary 2.4 Let G be a connected graph of order n. Then cc(G) ≥ 2 if and only if G is not isomorphic to
Then i is a clique cover of
The following result gives the relationship between the clique covering number of a graph and the clique covering number of its subgraphs.
Theorem 2.6 The following hold:
(a) There exists a graph G and a proper subgraph
(b) There exists a graph G and a proper subgraph
(c) There exists a graph G and a proper subgraph
In view of the preceding result, the following questions arise:
Theorem 2.7 and Theorem 2.8 give answers to the above questions.
Theorem 2.7 If H is an induced subgraph of G, then cc(H) ≤ cc(G).
Proof : Let G be a clique cover of G such that
Theorem 2.8 If H is a spanning subgraph of G, then cc(H) ≥ cc(G).
Proof 
Characterization
We now characterize all graphs whose clique covering number equal their corresponding sizes and orders. We prove our result using the following lemmas and theorem.
Lemma 3.1 Let G be a graph of order n ≥ 2. If G contains K 2 as a subgraph, then cc(G) < n.
Proof : Let G be a graph of order n ≥ 2 and K 2 as a subgraph of G. Since V (K 2 ) is a clique, the family
by definition of a clique covering number of a graph. This proves the lemma.
Lemma 3.2 Let G be a graph of order n. If cc(G) = n and v
∈ V (G), then deg G (v) = 0. Proof : Suppose deg G (v) = 0. Then there exists u ∈ V (G) such that v is adjacent u. Let V (K 2 ) = {u, v}. Since G contains K 2 as subgraph, then by Lemma 3.1 cc(G) < n.
Theorem 3.3 Let G be a graph of order n. Then cc(G) = n if and only if
Proof : Assume G ∼ = K n . By Theorem 2.3 and Theorem 2.5,
For the converse, suppose that cc(G) = n. By Lemma 3.2, G is K n . 
Lemma 3.5 Let G be a nontrivial connected graph of size m. If cc(G)
Proof : The conclusion is clear for 1
This clearly contradicts our assumption. Therefore, either Proof : The conclusion is clear for For the converse, suppose that cc(G) = m. By Lemma 3.6, G is a star. In particular, G = K 1,m .
